Scylla paramamosain is a commercially important crab species in China. Here we reported 12 novel polymorphic microsatellite markers isolated in S. paramamosain using PCR-based isolation of microsatellite arrays (PIMA). The analysis of genetic variability was performed in a sample of 29 individuals. A total of 82 alleles were detected with an average of 6.8 alleles per locus. The number of alleles, polymorphism information content (PIC), observed and expected heterozygosity per locus ranged from three to 12, from 0.42 to 0.88, from 0.38 to 1.00 and from 0.48 to 0.91, respectively. Three loci significantly deviated from Hardy-Weinberg equilibrium after Bonferroni correction (P , 0.0042) and no significant linkage disequilibrum between pairs of loci was found. Cross-species amplification of these markers was evaluated in three closely related crab species S. tranquebarica, S. olivacea, and S. serrata. This study will potentially be useful for stock management, constructing of a genetic linkage map, mapping economically important quantitative trait loci (QTL), and evaluating the population genetic diversity of S. paramamosain.
INTRODUCTION

Scylla paramamosain
, a commercially important crab species, mainly distributed in the southeastern coastal region of China, as well as in the tropical and warm temperate zones in the Pacific and Indian Oceans (Keenan, 1999) . This species is promising for aquaculture and resource enhancement because of its high market value and good flavor. Aquaculture of S. paramamosain has had a long history in southern China and other Asian countries (Cowan, 1985) , and the farming of S. paramamosain mainly relied on wild-caught seed for a long time (Keenan, 1999) . The source of S. paramamosain has been severely decreasing due to over-fishing and seawater pollution. In order to conserve and sustainably exploit this fishery resource, population genetic research is necessary.
Microsatellite markers are popular genetic marker for molecular phylogeography and population genetics studies . Microsatellites are short tandem repeats DNA with a length of 1-6 bp, widely existing along the eukaryotic genome (Weber and May, 1989; O'Reilly and Wright, 1995) , with high polymorphism, ease of genotyping, and co-dominant inheritance. Hence they have been widely used in many aquacultural species for evaluation of population genetic diversity (Pettay and Lajeunesse, 2009; Ma et al., 2009a) , construction of genetic maps (Guyomard et al., 2006; Zhan et al., 2009) , and determination of pedigree (McDonald et al., 2004) .
Published phylogeographic research about S. paramamosain has been primarily based on mitochondrial DNA (Ma et al., 2006; Obata et al., 2006) . However, very few microsatellite markers are reported for this important crab species (Takano et al., 2005; Xu et al., 2009) . Lack of sufficient and polymorphic microsatellite markers has hindered the evaluation of population genetic structure, construction of genetic linkage maps, and molecular marker-assisted selection (MAS) in S. paramamosain. In the present study, we isolated 12 novel polymorphic microsatellite markers in S. paramamosain using PCRbased isolation of microsatellite arrays (PIMA: Lunt et al., 1999) that will be useful for genetic studies in S. paramamosain and related crab species.
MATERIALS AND METHODS
Collection and DNA Extraction A total of 29 individuals of S. paramamosain were collected from the city of Ningde, China. Genomic DNA was extracted from the muscle tissue using traditional proteinase K and phenol-chloroform extraction protocols as described by Ma et al. (2009b) . The DNA was adjusted to 100 ng/ml concentration and stored at 220u until use.
Development of Microsatellite Markers
The enrichment of DNA fragments was carried out using the random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) method (Lunt et al., 1999 ) with a minor modification. Several RAPD primers were selected to amplify the target DNA fragments. Polymerase chain reactions (PCR) were performed on the GeneAmp PCR System 9700 in 25 mL total volume that included 0.4 mM each primer, 0.2 mM each dNTP, 1 3 PCR buffer, 1.5 mM MgCl 2 , 0.75 unit Taq polymerase, and approximately 100 ng template DNA under the following conditions: one cycle of denaturation at 94u for 4 min; 45 cycles of 30 s at 94u, 50 s at 37u, and 50 s at 72u. As a final step, products were extended for seven min at 72u. The PCR products were separated on 1% agarose gels, and the fragments of interest (the size ranged from 300 bp , 700 bp) were ligated into the pMD19-T vector (TaKaRa) and then transformed into Escherichia coli cells (Top 10). Positive clones were identified by PCR with repeatspecific and vector-specific primers and were randomly selected for sequencing using ABI Prism 3730 automated DNA sequencer (PE Corporation). Microsatellite sequences were screened using the software SSRHUNTER 1.3 (Li and Wan, 2005) with the criteria as follows: the minimum of three repeats for di-, tri-and tetranucleotide repeats. Primers were designed using the software Primer Premier 5.0. 
Evaluation of Microsatellite Markers
A sample of 29 individuals of S. paramamosain was genotyped using these 12 microsatellite markers. PCRs were performed in 25 ml total volume that included 0.4 mM each primer, 0.2 mM each dNTP, 1 3 PCR buffer, 1.5 mM MgCl 2 , 0.75 unit Taq polymerase, and approximately 100 ng template DNA under the following conditions: one cycle of denaturation at 94u for 4 min; 30 cycles of 30 s at 94u, 50 s at a primer-specific annealing temperature (Table 1) , and 50s at 72u. As a final step, products were extended for seven min at 72u. The PCR products were separated on 6% denaturing polyacrylamide gel, and visualized by silver-staining. The size of allele was estimated according to the pBR322/MspI marker (TianGen Biotech CO., LTD.).
Data Analysis
Genetic diversity indexes including observed number of alleles (N a ) and effective number of alleles (N e ), observed heterozygosity (H O ) and expected heterozygosity (H E ), polymorphism information content (PIC) and Chi-square tests for Hardy-Weinberg equilibrium (HWE) were calculated using software POPGENE version 1.31 (Yeh et al., 1999) . Significance values for all multiple tests were corrected by sequential Bonferroni procedure (Rice, 1989 
RESULTS AND DISCUSSION
Although S. paramamosain is a commercially important crab species in China, its natural resource is severely declined, and microsatellite markers are needed to estimate population structure and diversity for future conservation efforts. The advantage for microsatellite markers is to estimate genetic population structure and diversity. To date, only 15 polymorphic microsatellite markers have been reported. PCR-based isolation of microsatellite arrays (PIMA) is an efficient method for isolating microsatellite markers (Lunt et al., 1999) without constructing a genomic library and has been broadly used in many organisms (Hsu et al., 2004; Lin et al., 2008; Chiang et al., 2009) . It is known that the RAPD fragments contain rich microsatellites (Cifarelli et al., 1995; Ender et al., 1996) . In the present study, we isolated 12 novel polymorphic microsatellite markers in a commercially important crab species S. paramamosain and evaluated the variability in a sample of 29 individuals. A total of 462 clones were randomly selected to identify by PCR with repeat-specific and vector-specific primers. Finally, 72 positive clones were obtained. In comparison to fish, the positive clone rate in our samples was lower than that in half-smooth tongue sole (Cynoglossus semilaevis) (Liu et al., 2008 ) but higher than that in Pararasbora moltrechti . All positive clones were sequenced and 42 primers pairs were successfully designed using the software Primer Premier 5.0.
Out of 42 primer pairs designed, 34 amplified single PCR products of the expected size, and the others had either no products, or smears. Twelve microsatellite markers showed polymorphism (Table 1) . A total of 82 alleles were detected with an average of 6.8 per locus. The number of alleles per locus ranged from three to 12, with the allele size between 113 and 321 bp. Compared to the 156 alleles detected from five microsatellite loci in a sample of 61-119 individuals of S. paramamosain collected from the Urado Bay of Japan (Takano et al., 2005) , the number of alleles detected in this study was apparently lower. Polymorphism information content (PIC) is considered as a measure of the usefulness for a molecular marker (Botstein et al., 1980) . In this study, the PIC value per locus was between 0.42 and 0.88, with an average of 0.67. Ten loci showed high informative (PIC . 0.5), only two locus (Scpa03 and Scpa11) showed middle informative (0.25 , PIC , 0.5), and no loci were low informative (PIC , 0.25).
Gene heterozygosity is thought to be a good criterion to assess the genetic diversity of organisms. In two previous reports about S. paramamosain described by Takano et al. (2005) and by Xu et al. (2009) respectively, the average observed heterozygosity was 0.90 and 0.81. In this study, the observed and expected heterozygosity per locus ranged from 0.38 to 1.00, and from 0.48 to 0.91, with an average of 0.76 and 0.72, respectively. Compared with the former reports, the heterozygosity in our study was lower, which primarily may be the result of the limited sample number.
Significant deviation from Hardy-Weinberg equilibrium at three microsatellite loci (Scpa05, Scpa07 and Scpa09) was detected after Bonferroni correction (P , 0.0042), which may be due to the small sample size or the presence of null alleles confirmed by MICRO-CHECKER version 2.2.3 software (Van Oosterhout et al., 2004) , but no evidence for stuttering and allelic dropout were found in all loci and cannot be attributed to technical or statistical artifacts. No significant genotypic linkage disequilibrium (LD) was found between all pairs of these 12 loci after Bonferroni correction (P . 0.0042). A homology search using BLASTn program showed that none of these 12 sequences had similarity to any of the sequences in the GenBank.
These 12 polymorphic microsatellite markers were also tested for cross-species amplification in three closely related crab species including S. tranquebarica (Fabricius, 1798) , S. olivacea (Herbst, 1796) , and S. serrata (Forshål, 1775) (see Table 2 ). Three individuals of each species were tested, and the PCR was carried out under the conditions as described above. The number of polymorphic loci was three, seven, and seven in the three related species of crabs, respectively. Two of these 12 loci (Scpa07 and Scpa08) showed polymorphisms in all three species of crabs. In addition, four loci (Scpa03, Scpa06, Scpa09 and Scpa11) were found to be monomorphic or unclear genotypes in all three species of crabs.
In conclusion, we report 12 polymorphic microsatellite markers in S. paramamosain that are different than those markers reported by Xu et al. (2009) , who used FIASCO (fast isolation by AFLP of sequences containing repeats) method whereas we used PIMA (PCR-based isolation of microsatellite arrays) procedure. These markers will be useful for the evaluation of population genetic diversity, construction of genetic linkage maps, and mapping of quantitative trait loci (QTL) in S. paramamosain and the related crab species.
